This paper describes the purification of two guanidine alkaloids: N1, N2-diisopentenyl guanidine (DIPG) 1 and N1,N2,N3triisopentenyl guanidine (TIPG) 2 from Alchornea cordifolia root bark and reports their cytotoxic properties on cancer (HeLa, Mel-5, J774) and non cancer (WI 38) cells. TIPG showed the highest cytotoxicity with IC 50 values from 0.7 to 14.3 µg/mL (2.6 to 54.3 µM) on the four cell lines while DIPG was much less active: IC 50 45.8 and 97.6 µg/mL (234.8 and 500.5 µM) on Mel-5 and HeLa and > 512.8 µM on J774 and WI 38. The results indicate that the cytotoxicity notably decreased with the loss of one isopentenyl substituent.
A. cordifolia roots are widely used externally and internally to treat different illnesses [1] [2] [3] [4] [5] throughout tropical Africa. There have been several phytochemical studies on leaves and stem bark, but only a few old ones have dealt with the roots. The only compounds isolated were gentisic and anthranilic acids, tannins and a small quantity of alkaloids, one of which could be yohimbine, tannins were also found [3, 6] .
In 1995, the antitumor activity of methanolic leaf extracts of A. cordifolia as well as fractions of different polarity were evaluated at a single high dose of 100 µg/mL against a panel of 60 human tumor cell lines and showed no significant activity [7] . This work reports the isolation and cytotoxic activity of N1,N2-diisopentenyl guanidine (DIPG) 1 and N1,N2,N3-triisopentenyl guanidine (TIPG) 2 from the root bark of A. cordifolia. N1,N2,N3-triisopentenyl guanidine was previously reported to be present in A. cordifolia leaves [8] but the reference cited to support the presence of this compound [9] does not mention it. While the crude extract (F) showed no cytotoxic activity on the cell lines tested, the partition of F between hexane and methanol-water gave a polar cytotoxic fraction (F MeOH ) while the non-polar fraction (F Hex ) showed a lower or no cytotoxicity ( Table 1 ). The active F MeOH fraction contained two major spots that were positive with Dragendorff and anisaldehyde/H 2 SO 4 reagents and were purified by HSCCC. Structures were determined by comparing the ESI-MS, 13 C and 1 H NMR spectra with literature data [10] [11] [12] . NMR chemical shifts of 1 and 2 are similar because of the electron delocalisation over the guanidine structure. Thus each isopentenyl substituent is nearly identical in NMR spectroscopy. Cytotoxicity was assessed on three human cell lines: two cancer (HeLa, Mel5) and one non cancer (WI 38) and one murine cancer cell line (J774) to detect an eventual selectivity. Both compounds showed a dose dependent cytotoxicity on the tested cell lines. In the first set of tests using MTT, we observed that for both isolated compounds Mel-5 cells proved to be the most sensitive while they were less toxic for WI-38. DIPG was less active and showed even no toxicity for WI-38 (Table 1) . We also analysed the cytotoxicity on J774 using the Alamar Blue TM test and found that TIPG was very active (IC 50 = 0.7 µg/mL, 2.6 µM) while DIPG could be considered as not toxic (IC 50 >100 µg/mL, >512.8 µM). This stresses the importance of the three isopentenyl residues for the cytotoxic activity. Nevertheless, both compounds are much less effective than controls, which are highly cytotoxic compounds.
Up to now N1,N2,N3-TIPG was only reported in Alchornea species: A. javanenesis [10, 13] and A. glandulosa [12] . This last team reported that a crude MeOH leaf extract of A. glandulosa and fractions containing 2 exhibited an antiproliferative activity on cancer cells and antimicrobial activities on Bacillus subtilis and Candida tropicalis. Nevertheless they did not test the activity of the purified compound.
N1,N2-DIPG 2 was isolated previously from Pterogyne nitens leaves, under the name of pterogynidine [11, 14] . It was reported to inhibit the growth of a mutant yeast strain lacking a DNA repair mechanism but was not evaluated for its cytotoxicity [11] . This plant also contains an isomer N1,N1-DIPG (pterogynine) which was not tested on yeast [14] .
Another monosubstituted guanidine alkaloid (galegine) was isolated from different species of Galega, Verbesina and Schoenus [15, 16] . Although it was considered as toxic by its direct effect on pulmonary vascular permeability on some animals [17, 18] , there is no in vitro toxicity study reported on human cell lines. It has also to be noted that aliphatic guanidine alkaloids have been shown to possess different biological properties: agmatine as hypotensive [19] or aplysillamides A and B as antimicrobials [20] , an activity which may also be shared by the guanidines from A. cordifolia. In fact, A. cordifolia root bark extracts possess antimicrobial properties which may at least be due to alkaloids but also probably to tannins [21, 22] .
In conclusion, we isolated, for the first time, two isopentenyl guanidine derivatives from A. cordifolia root bark. TIPG was shown to possess cytotoxic activity on different cell lines while DIPG was much less active. This emphasizes the importance of the three isopentenyl substituents but TIPG is at least 10 times less cytotoxic than camptothecin or colchicine. Furthermore, the presence of these compounds could partially explain some uses of A. cordifolia in African folk medicine.
Experimental
General: 13 C NMR (125.7 MHz) and 1 H NMR (500 MHz) experiments were carried out in CD 3 OD with a Bruker Avance 500 spectrometer. Chemical shifts are reported in part per million (ppm). UV spectra were recorded in MeOH with an UVIKON 933 (Kontron Instrument). A Perkin Elmer spectrometer was used for IR spectra. Mass spectra were obtained by direct injection in ESI positive mode using a LCQ Advantage (Thermo Finnigan) mass spectrometer.
Plant material:
The fresh leaves and root barks of A. cordifolia were collected in Kinshasa and identified at INERA (Institut National pour l'Etude et la Recherche Agronomique, University of Kinshasa). A voucher specimen is deposited at the Belgian National Botanic Garden (BR) bearing the number SP 848103.
Guanidine alkaloids from Alchornea cordifolia Natural Product Communications Vol. 1 (12) 2006 1099 Extraction and isolation: Dried root bark powder (250 g) was moistened with a 500 mL of 10% Na 2 CO 3 aqueous solution overnight and then extracted in a Soxhlet successively with EtOAc (1.5 l) and CHCl 3 (1.5 l). These extracts were combined and evaporated under reduced pressure. The residue (F: 0.87%) was partitioned between hexane and MeOH-H 2 O (8:2) and 500 mg of the polar fraction (F MeOH ) purified by HSCCC (High Speed Counter Current Chromatography) (Kromaton III, SEAB, France) with the solvent system hexane/EtOAc/ n-BuOH/H 2 O/AcOH 1: 1: 2: 5: 0.2 in the head to tail elution mode (the lower phase was the mobile phase) and a flow rate of 2 mL/min to give DIPG 1 (10. Colorless oil, acetate salt, C 16 H 29 N 3. Yield: 11.92% Cytotoxicity assay: Two methods were used to assess cytotoxicity depending on availability. They both rely on the same properties of living cells whose enzymes transform substrates introduced in the medium into coloured or fluorescent derivatives. The concentrations of these derivatives have been shown to be proportional to the number of living cells in most cases [23, 24] .
MTT (Methylthiazoletetrazolium) assay:
Cytotoxicity was determined on HeLa (human cervix carcinoma cells), Mel 5 (human node metastasis derived human melanoma cells clone 32 [25] ) and WI38 (human lung fibroblasts) cell lines as described previously [26] with the following modifications: the Dulbecco's Modified Eagle Medium was supplemented with 5% heat-inactivated fetal bovine serum, L-glutamine 0.33%, non-essential amino acids 1%, penicillin/streptomycin 1% and sodium pyruvate 1%. Each extract and alkaloids were tested in a concentration range from 3.1 µg/mL to 50 µg/mL. Camptothecine (Sigma) was used as a positive control.
The results are expressed by IC 50 values (concentration of compound causing 50% inhibition of cell growth) calculated from graphs using at least five different concentrations of each alkaloid. All experiments were made at least in triplicate.
Alamar Blue TM assay: The assay was run as described previously by Hoet et al. on J774 cells (murine macrophages). Colchicine (Sigma) was used as a positive control [27] .
Fluorescence development was calculated as percentage of the control culture, considered as 100%, and IC 50 values (concentration of extract that reduced fluorescence intensity by 50%) were calculated by linear interpolation according to Hills [28] .
